Monoamine oxidases catalyze the oxidative deamination of monoamines to the corresponding aldehyde, hydrogen peroxide, and ammonia. Monoamine oxidases from mitochondria of animal organs (9, 13, 31, 42, 59 ) and plasma (4, 21, 49, 54) , pea seedlings (22) , various microorganisms (51) (52) (53) , and the cell membranes of bacteria (27) have been characterized. The enzyme has a broad substrate specificity and plays a major role in the metabolism of biogenic amines, such as the neurotransmitters of the central nervous system. Its physiological role has not been well defined, but it is thought to be involved in the metabolism of biogen amines.
In Klebsiella aerogenes, monoamine oxidase, which is found in the cell membrane and induced by tyramine and catecholamines, is specific for tyramine, octopamine, dopamine, and norepinephrine and subject to catabolite and ammonium ion repression (27, 33, 34) . The enzyme was thus classified as a tyramine oxidase (tynA) (52) , but it could not be characterized because it was bound tightly to the cell membrane and failed to solubilize in an active form (34) .
Recently, the gene of tyramine oxidase from K. aerogenes was cloned into a multicopy plasmid and the nucleotide sequence was determined (47, 48) . This cloning resulted in a high level of production of the soluble form of tyramine oxidase (47) , making possible the purification and characterization of tyramine oxidase (57) . The enzyme is highly specific for tyramine, ␤-phenylethylamine, and dopamine and contains copper and topa quinone as a prosthetic group (8, 57) . We classified this enzyme from K. aerogenes as a monoamine oxidase instead of a tyramine oxidase, and hence, the gene encoding this enzyme was renamed maoA instead of tynA (47) . The maoA gene is a part of the mao operon that also includes the maoC gene, which has an unknown function, and is induced by tyramine and related monoamine compounds in K. aerogenes (48) . The mao operon is controlled by a positive regulator, moaR, in K. aerogenes (2) .
Complementation analysis with FЈ episome from Escherichia coli suggested that an analogous location of the maoA gene existed in E. coli (30) . A region highly homologous to the maoA gene from K. aerogenes was found at 30.9 min on the E. coli chromosome (48) . This region was cloned from an E. coli genomic library (16) , and two amine oxidase genes were found to be located in it by deletion analysis. The nucleotide sequence of the region highly homologous to the maoA gene of K. aerogenes was determined, and the gene was found to be the structural gene for monoamine oxidase (maoA). The other amine oxidase was tentatively named maoX (3) . MaoA was overproduced in periplasmic space. The purification, some characterization, and crystallization of MaoA from E. coli have been reported (39, 40) , the characterization of MaoA from E. coli being almost the same as that from K. aerogenes (39, 57) .
The synthesis of monoamine oxidase in bacteria is of considerable interest since it has been implicated in the regulation of arylsulfatase (atsA) synthesis, which at first sight seems independent of monoamine oxidase (26, 28, 29, 35) . Many genes, including the ats and mao operons regulated by monoamine compounds, have been found and classified into the monoamine (moa) regulon, which is positively regulated by moaR (1, 2) . The precise role of monoamine oxidase which belongs to the moa regulon is unknown either in E. coli or in K. aerogenes.
Synthesis of the enzyme seems to be subject to complex regulation in bacteria and other microorganisms. Since the early literature contains few reports from which the number of monoamine oxidases in a bacteria can be identified, we are investigating other amine oxidases for another biodegradation pathway of xenobiotic substrates, such as monoamines and polyamines, in biological responses. Many of the xenobiotic compounds which are released into the environment contain monoamines (tyramine and catecholamine, etc.). Further understanding of how their biodegradation is regulated as part of the nitrogen cycle will be of importance in understanding and controlling their behavior in the environment, so the results of these studies will be reflected in all living systems.
In this report, we clarify the unknown amine oxidase from E. coli. A new gene (maoB) was found to be located in the maoX region, as described previously (3). However, MaoB was ascertained not to be an amine oxidase but a positive regulator of the maoA gene. In addition, we present data on the regulation of the maoA and maoB genes by carbon source and monoamine compounds.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains employed are listed in Table 1 . pMS437C (15) , a plasmid containing the lacZ gene without the promoter region, was used to construct lacZ fusions. Other recombinant plasmids are derivatives of pUC (58) and pMW219 (55) .
Culture media. The rich medium used was Luria-Bertani medium, and the minimal medium was M9, which consists of thiamine (10 g/ml) and 0.5% glucose or succinate (43) . Ampicillin (100 g/ml) and kanamycin (50 g/ml) were used as appropriate with selection.
DNA manipulations and sequencing. All DNA manipulations and E. coli transformations were carried out by the method of Sambrook et al. (43) . Restriction endonucleases and DNA-modifying enzymes were purchased from commercial suppliers and used as described in the manufacturer's instructions. The nucleotide sequence was determined by the dideoxynucleotide chain termination method (44) . Sequencing was performed with an Autoread T7 sequencing kit (Pharmacia LKB Biotechnology, Uppsala, Sweden), by use of fluorescein-labeled universal forward and reverse primers with double-stranded plasmid DNA as the template. Sequencing templates were prepared by a combination of subcloning and sequential deletion.
Construction of maoB deletions and maoA-lacZ and maoB-lacZ fusions. Deletion and fusion plasmids were generated by restriction enzyme digestion. The resultant deletion plasmids were used to transform E. coli JM109, and fusion plasmids were transformed into wild-type and ⌬crp or ⌬cya mutant strains.
Computer analysis. The nucleotide and amino acid sequences were analyzed with GENETYX programs (SDC Software Development Co., Ltd., Tokyo, Japan).
Nucleotide sequence accession number. The DDBJ/GenBank/EMBL nucleotide sequence accession number of the fragment sequenced in this study is D67041.
Gene disruption on the chromosome. A 1.0-kb AccI fragment containing the kan gene in pUC4K (Pharmacia LKB Biotechnology) was inserted into ClaI sites of the maoA gene in pRK2098 (3, 39) . The inactivated maoA gene was digested with BglII, and the resultant DNA fragment was transferred into E. coli JC7623. Km r transformants were selected for maoA::kan (38) . Assay of enzymatic activities. Bacterial cells were grown aerobically at 37ЊC in M9 medium (43) . Unless stated otherwise, 0.5% succinate and 3 mM tyramine were used as a carbon source and an inducer of monoamine oxidase in E. coli, respectively (56) . The activities of monoamine oxidase (57) and ␤-galactosidase (24) were assayed as described previously. One unit of monoamine oxidase was defined as the amount that catalyzed the formation of 1 mol of H 2 O 2 per min at 30ЊC. One unit of ␤-galactosidase was defined as the amount that catalyzed the release of 1 nmol of o-nitrophenol from o-nitrophenyl-␤-galactoside per min at 28ЊC. The specific activity was expressed in Miller units (24) . Protein was measured by the method of Lowry et al. (18) with bovine serum albumin as a standard.
Expression of maoB under self-promoter. Gene expression of maoB was induced by succinate as a carbon source. Whole-cell lysates were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), transferred to a polyvinylidene difluoride membrane, and analyzed by an amino acid autoanalyzer.
Electrophoresis on SDS-polyacrylamide gel. SDS-PAGE was carried out by the method of Laemmli (17) . A separation gel containing 15% (wt/vol) acrylamide was used. Proteins separated on the gel were stained with Coomassie brilliant blue R-250. The molecular mass standards consisted of six peptides from top to bottom, namely, phosphorylase b (94.0 kDa), bovine serum albumin (67.0 kDa), ovalbumin (43.0 kDa), carbonic anhydrase (30.0 kDa), soybean trypsin inhibitor (20.1 kDa), and ␣-lactalbumin (14.4 kDa; Pharmacia LKB Biotechnology).
Peptide sequencing. The total proteins from E. coli JM109 that contained pUC19 or pDEL15 were separated on SDS-15% PAGE, electroblotted onto a polyvinylidene difluoride membrane, and then stained with Coomassie brilliant blue R-250 as described previously (20) . The region of the membrane with highly staining protein (M r 35,000) was excised. The NH 2 -terminal sequence of the excised protein or purified monoamine oxidase was determined on an Applied Biosystems 473A protein sequencer coupled to a model 120A analyzer (PerkinElmer Japan Co., Ltd., Chiba).
RESULTS
Analysis of the region downstream of maoA by construction of deletion derivatives and subcloning. Deletion plasmids containing the region downstream (maoX) of the maoA gene were constructed by fragment subcloning or by digestion with appropriate restriction enzymes (Fig. 1 ). The properties of these plasmids were analyzed by the productivity of monoamine oxidase in E. coli JM109. This deletion analysis suggested that the gene essential for increasing monoamine oxidase productivity was located within a EcoT22I-PvuII fragment of about 1.1 kb of the pDEL15 plasmid DNA.
Purification and characterization of the monoamine oxidase from E. coli cells harboring pDEL15. To purify an amine oxidase stimulated by the cloned gene, E. coli JM109 containing pDEL15 was cultured in 2 liters of M9 medium containing succinate, tyramine, and ampicillin. Purification was carried out as described previously (57) . Only one peak of amine oxidase activity was detected during all of the purification steps. The characterization of the enzyme (data not shown) was almost the same that of monoamine oxidase (MaoA) from E. coli K-12 reported previously (39) . The NH 2 -terminal sequence of the purified enzyme was determined to identify the enzyme from the gene cloned with MaoA. The sequence of the first 20 amino acids was identified as H-
which is identical to the directly deduced amino acid sequence from positions 31 to 50 of MaoA with the exception of the 33rd amino acid, E (deduced amino acid, G) (3). The enzyme from the cloned gene was thus concluded to be identical to the MaoA cloned and purified previously (3, 39) . From these results, the region downstream (maoX) of maoA seems not to encode amine oxidase but the positive regulator for maoA. Nucleotide sequence analysis of the maoB gene. The complete nucleotide sequence of the 1,115-bp EcoT22I-PvuII fragment was determined. A single open reading frame of 903 bp was found, with a putative ATG initiation codon at position 150 and a TAA termination codon at position 1053. The open reading frame was renamed maoB instead of maoX. The amino acid sequence deduced from maoB indicates that the product contains 301 amino acid residues and has a calculated molecular weight of 34,619. The putative initiation codon is preceded by a sequence with similarity to the Ϫ35 and Ϫ10 consensus sequence TTGcaA-16 bp-aAaAAT (12) and has the ShineDalgarno sequence GAAAA (46) . In the putative promoter region, there is also a high degree of similarity to the consensus sequence 5Ј-Ag-TGTGA------cCgCA-AT-3Ј (where a hyphen indicates any nucleotide) for the binding site of cyclic AMP (cAMP) receptor protein (CRP) (25) . In the 3Ј-flanking region of maoB, a large palindrome (⌬G ϭ Ϫ39.2 kcal [ca. Ϫ164 kJ]/mol), containing three nucleotides downstream of the termination codon of maoB, which might serve as a terminator for the putative maoB transcript (41), was located.
Homology search. The primary DNA and deduced polypeptide sequences of the maoB gene were compared with the DNA and protein sequences available from the DDBJ and SWISS-PROT databases. No nucleotide homology to any amine oxidases or any other genes was found. However, there is C-terminal region of high homology between MaoB and other proteins such as the region of the so-called helix-turnhelix DNA binding motif of the AraC family which is present in regulatory proteins (5, 11) . The C-terminal region of MaoB (amino acid residues 182 to 217) was 46.9% identical over 32 amino acids to AraC of E. coli and 30.8% identical over 39 amino acids to MelR of E. coli. These data indicate that the maoB gene does not encode amine oxidase and that the product of the maoB gene is probably an analog of the regulatory protein.
Disruption of the maoA gene on the chromosome. The maoA gene inactivated by insertion of the kanamycin gene was recombined with the chromosomal DNA of E. coli JC7623. Five transformants gave rise to a Km r phenotype. One of these strains was designated RK2116. Insertion of the Km r gene in the RK2116 chromosomal DNA was confirmed by Southern hybridization (data not shown). Neither monoamine oxidase activity nor monoamine oxidase protein (39) was found in the cells of RK2116 ( Table 2 ), suggesting that the structural gene Effect of the maoB gene on monoamine oxidase activity. The effect of the maoB gene containing pDEL15 on the synthesis of monoamine oxidase in various media was examined ( Table 2) . In E. coli, the synthesis of monoamine oxidase was repressed by glucose and induced by addition of both succinate and tyramine (56) . Cells of E. coli JM109 containing pDEL15 had a high level of monoamine oxidase in the presence of tyramine, but glucose repressed synthesis of the enzyme in the absence of tyramine. It was thought that synthesis of monoamine oxidase in succinate medium without tyramine may result from overproduction of the gene product from the multiple-copy plasmid pDEL15. Therefore, the 1.1-kb fragment containing the maoB gene was subcloned into a low-copy-number plasmid, pMW219, which has a pSC101 replicon and is present in only a few copies per host chromosome (55) . The resultant plasmid, pDEL151, was introduced into E. coli JM109, and the activity of monoamine oxidase was examined ( Table 2 ). The level of monoamine oxidase in cells containing pDEL151 was reduced 10 to 90% compared with that in cells containing pDEL15, although the regulation patterns of monoamine oxidase synthesis in various media were similar irrespective of the copy number of the maoB gene. Monoamine oxidase activity was dependent on the presence of the maoB gene and tyramine.
Comparison of the monoamine oxidase activity in cells harboring pRK2098 with that in cells with pDEL15 suggests that synthesis of monoamine oxidase depends on the maoB gene more than on maoA. Cells of RK2116 (maoA) containing pDEL15 or pDEL151 had no monoamine oxidase activity. These results show that the maoB gene enhances the level of monoamine oxidase that is present on the chromosomal DNA.
Analysis of maoA and maoB expressions using the lacZ gene fusion. To examine the regulation of monoamine oxidase synthesis, a mao-lacZ gene fusion was constructed with a promoter probe vector, pMS437C. A 0.9-kb HindIII-HindIII fragment of pRK2098 and a 0.8-kb PvuII-NruI fragment of pDEL15 ( Fig. 1) were subcloned into pMS437C. The resultant plasmids were named pMAO2 and pMAO3, respectively, and used to transform E. coli JM109. The levels of expression of the maoA and maoB promoters were examined by measuring the ␤-galactosidase activities in cells carrying pMAO2 and pMAO3 and grown in various media (Table 3 ). In cells carrying pMAO2 (maoAЈ-lacZ) grown with glucose, ␤-galactosidase activities were the same, irrespective of tyramine, whereas the activity of the enzyme in cells grown with succinate was threefold that in cells grown with glucose. This result means that the ratio of catabolite repression (ratio of ␤-galactosidase activity in cells grown with succinate to that in cells grown in glucose in the absence of tyramine) was three times higher. By addition of tyramine, the activity was increased 13 times. In short, the ratio of tyramine induction (ratio of ␤-galactosidase activity in cells grown with succinate in the presence of tyramine to that grown with succinate in the absence of tyramine) was 13 times higher. The total activity in the succinate-with-tyramine medium was increased 40-fold compared with that in the glucose-withouttyramine medium. In cells that carried pMS437C containing no inserted DNA fragment, the ratio of catabolite repression was the same as that in cells carrying pMAO2, whereas the ratio of tyramine induction with pMAO2 was 10-fold that with pMS437C.
In cells carrying pMAO3 (maoBЈ-lacZ) grown with glucose, ␤-galactosidase activities were also the same irrespective of tyramine, but the ratio of catabolite repression was 12 times higher. The ratio of tyramine induction did not alter in cells with pMAO3. ␤-Galactosidase activity measured in cells carrying pMAO3 was much higher than that in cells carrying pMAO2 in all the media used.
These results indicate that the promoter regions in maoA and maoB are located in the 0.9-kb HindIII-HindIII fragment and the 0.8-kb PvuII-NruI fragment, respectively, which are coincident with the nucleotide sequences, and follow in the same downstream direction in the each gene (Fig. 1) . The maoB gene is subject to catabolite repression and is constitutively expressed at a high level of transcription. The transcription of the maoA gene is induced by tyramine under noncatabolite repressible conditions. Since the ratio of catabolite repression of pMAO2 is similar to that of pMS437C, the promoter of maoA seems not to be subject to catabolite repression directly but may reflect the catabolite repression of maoB on the chromosome.
Identification of the product of the maoB gene. The size of the MaoB protein made in vivo was estimated by analysis on SDS-PAGE. The protein profile of whole-cell lysates of E. coli that contained pUC19 or pDEL15 was examined by direct protein synthesis. A highly expressed stained band was about 35 kDa in cells carrying pDEL15 grown with succinate (Fig. 2,  lane 4) . This size is coincident with the molecular weight deduced from the DNA sequence of maoB. To identify the highly expressed products as products of the maoB gene, the NH 2 -terminal sequence of the 35-kDa protein was determined. The first six amino acids were Met-Asn-Pro-Ala-Val-Asp, which is identical to that of the deduced amino acid sequence from positions 1 to 6 of MaoB. We also showed that the maoB gene was highly expressed in succinate medium and regulated by catabolite repression (Fig. 2) . a Values are an average of three independent experiments. The values did not vary by more than 15%. ␤-Galactosidase activity is expressed in Miller units (24) . b Bacteria for enzyme assays were grown in M9 medium containing 0.5% glucose (G) or succinate (S) as a carbon source in the presence (ϩ) or absence (Ϫ) of 3 mM tyramine (T).
c Ratio of ␤-galactosidase activity in cells grown with succinate to that in cells grown with glucose in the absence of tyramine. d Ratio of ␤-galactosidase activity in cells grown with succinate in the presence (ϩ) of tyramine to that grown with succinate in the absence (Ϫ) of tyramine.
Effect of maoB expression on maoA expression. To facilitate further investigation of the regulation of the maoA gene, the maoAЈ-lacZ fusion plasmid pMAO2 was used to examine the effect of maoB in various media. The ␤-galactosidase activity and the ratio of catabolite repression were markedly increased in the strain that contained both pMAO2 and pDEL15 (Table  3) . However, no significant induction of ␤-galactosidase by tyramine was observed in the presence of pDEL15. The effects of maoB expression on maoAЈ-lacZ expression were consistent with those observed in monoamine oxidase synthesis (Table 2) , i.e., a strong increase in glucose medium with tyramine as compared with that without tyramine and strong catabolite repression by glucose. To determine whether this phenomenon is involved in maoB expression, the low-copy-number plasmid pDEL151 was transformed into E. coli JM109 containing pMAO2, as shown in Table 2 . The level of ␤-galactosidase activity in cells that contained both pMAO2 and pDEL151 was reduced 5 to 50% compared with that in cells containing both pMAO2 and pDEL15 but increased about twofold over that in cells containing only pMAO2. The ratio of tyramine induction in cells carrying both pMAO2 and pDEL151 was recovered 17-fold compared with that in cells with both pMAO2 and pDEL15. The effect of the low-copy-number plasmid on maoAЈ-lacZ expression also showed the same pattern as monoamine oxidase activity. These results suggest that tyramine is essential for the synthesis of monoamine oxidase, which is required for optimal expression of the maoB gene that activates the transcription of the maoA gene.
Involvement of the cAMP-CRP complex in the regulation of maoB transcription in vivo. To determine whether the observed regulation by glucose was mediated by the cAMP-CRP complex on the maoB promoter, ␤-galactosidase activities were measured in ⌬crp and ⌬cya mutant strains that contained the maoBЈ-lacZ fusion, pMAO3. The enzyme activity in LuriaBertani medium without glucose was five times higher than that with glucose in a wild-type strain. Consistent with the effect of glucose, ␤-galactosidase levels in the ⌬crp and ⌬cya mutant strains were low, even in the absence of glucose, corresponding to less than 20% of that in the wild-type strain (Fig.  3A) . In the promoter region of the positive regulator for the monoamine regulon, moaR from K. aerogenes, we also found a similarity in the consensus sequence 5Ј-tt-TGTaA------TCACAtg-3Ј for the binding site of CRP. To determine whether the regulation was mediated by the cAMP-CRP complex, ␤-galactosidase activities were measured in the ⌬crp and ⌬cya mutant strains that contained the moaRЈ-lacZ fusion pMCAT1, constructed previously (2) . In the absence of glucose, synthesis of ␤-galactosidase was repressed in both the ⌬crp and ⌬cya mutants in the same way as in the maoBЈ-lacZ fusion (Fig. 3B) . Thus, both promoters of the transcriptional activator genes apparently possess one functional CRP binding site and the genes are regulated by the mediation of the cAMP-CRP complex. 
DISCUSSION
Previously, we reported that the gene of an amine oxidase could be located proximal to the maoA gene encoding a copper-and topa quinone-containing monoamine oxidase (3). In the amino acid sequence deduced from a new open reading frame (maoB) containing the element necessary for increased monoamine oxidase activity, we found high homology between the C-terminal region of MaoB and the conserved sequences in the C-terminal regions of members of the AraC family (AraC, MelR, and RhaR, etc.), positive transcriptional factors (5, 11) . From these genetic and enzymological studies, we clarified that the maoB gene adjacent to maoA does not encode an amine oxidase but a positive regulator for maoA and that the two genes do not form an operon.
Since the synthesis of monoamine oxidase was repressed by glucose and induced by the addition of both succinate and tyramine in E. coli (56) , this glucose effect of monoamine oxidase was examined to ascertain whether it is regulated on the maoA promoter. By searching the consensus sequence for the CRP binding site and by using lacZ gene fusions, we demonstrated that the effect of glucose on the maoB transcription in vivo was mediated by the cAMP-CRP complex but on maoA it was not.
Perhaps the net expression of the monoamine (moa) regulon represents the sum of the positive effect of the cAMP-CRP complex binding on the activity of its promoters, as is the case with the many kinds of operons. Such genetic data indicating catabolite repression in the moa regulatory region were obtained for the related bacterium K. aerogenes (2, 48) . A large number of genes are controlled by cAMP and elevated in expression upon transition into the starvation (19, 45) or stationary phase (50) . These results show that at least the maoB regulator of the moa system falls within a simple cAMP-controlled starvation response category.
Expression of the maoA gene from E. coli is supposed to be fundamentally similar to that of K. aerogenes with respect to the mechanism of monoamine regulation. The maoA gene from E. coli containing no homologous CRP-binding consensus sequence is dependent on the transcriptional activator MaoB and tyramine, while the maoA gene from K. aerogenes contains a homologous CRP-binding consensus sequence (48) and is dependent on the transcriptional activator MoaR and tyramine (2) . No homology between maoB and moaR is found at either the nucleotide or protein level, but they have a different type of helix-turn-helix motif in the C-terminal region. Therefore, despite an apparent analogy in monoamine regulation between E. coli and K. aerogenes, the fundamental mechanisms of monoamine degradation in these cells may not necessarily be the same. For a finely controlled gene, a reasonable scenario is that all or a part of the regulatory events occur physically at the promoter and/or regulatory sequences nearby. One important implication of this is that the chromosomal copy of the maoB gene acts in trans on the plasmid-borne maoA gene copy, and the reverse is also true. The discovery of the catabolite-regulated maoB gene may indicate a more interesting role for the moa regulon in living cells.
The proteins belonging to the AraC family consist of two domains. The N-terminal domain responds to effector and the C-terminal domain binds to site-specific DNA and activates transcription (6, 10) . The C-terminal domain of the AraC family has a helix-turn-helix motif and a high degree of sequence homology, where the consensus sequence of a characteristic conserved motif is I-DIA---GF-S--YF---F----G-TPS--R (5, 11). For regulators recognizing chemical signals, the nonhomologous N-terminal and central regions of these regulators recognizing chemical signals are presumed to contain binding sites for activator molecules that confer specificity (37) . In fact, mutations at the unconserved N-terminal region in the XylS (23, 36) and AraC (7) regulators led to an alteration in effector specificity. The stimulation of transcription by CfaD (14) and SoxS (32) involved overproduction mediated by an unknown factor and SoxR, respectively, in response to appropriate signals. The significant homology between the C-terminal domain of MaoB and other members in the AraC family suggests that the C-terminal domain of MaoB binds to specific DNA to activate the maoA transcription, and the nonhomologous NH 2 -terminal or central region of MaoB may recognize a chemical signal, tyramine, or a compound regulated by tyramine.
MaoB was absolutely required for triggering higher maoA expression, but the MaoB concentration by itself was not the regulating factor. It follows that the active form of MaoB with tyramine must contribute to transcription during glucose limitation. In view of the evidence that an endogenous inducer (tyramine, etc.) is undetectable since the highest level of maoA expression is shown in glucose-limited culture, we propose that the endogenous inducer is a major factor in moa regulation under glucose limitation. Indeed, partial induction of the moa system was observed by increasing the tyramine concentration (1, 2, 56), so the current findings extend the role of endoinduction in moa regulation to include a nutrient stress response. Endoinduction enables bacteria to optimize the expression of scavenger transporters like PhoR and EnvZ. No scavenger transporters have been detected to date on the moa regulon either in E. coli or K. aerogenes. This distinct response may be of great advantage to bacteria competing with other bacteria in environments such as the intestine depending on the concentration of xenobiotic compounds. Whether such a putative mechanism is identical to the AraC family control system, which could be proposed, remains an open question.
